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Abstract
The main features of QCD, e.g. confinement, chiral symmetry
breaking, Regge trajectories are naturally and economically explained
in the framework of the Field Correlator Method (FCM). The same
method correctly predicts the spectrum of hybrids and glueballs. When
applied to DIS and high-energy scattering it leads to the important
role of higher Fock components in the Fock tower of moving hadron,
containing primarily gluonic excitations.
1 Introduction
The QCD is the (only) internally selfconsistent theory, defined by the only
scale (parameter the string tension σ or ΛQCD can be used for this pur-
pose), which eventually explains fundamental structure of baryons and other
hadrons and by this some 98% of all the mass in our world. The features of
QCD are unique in their complexity: confinement, chiral symmetry break-
ing, string structure of hadrons demonstrating nonperturbative (NP) inter-
actions, on one hand and on another hand the applicability of perturbation
∗Invited talk at the International Conference dedicated to the 90-th birthday of the
late Professor I.Ya.Pomeranchuk
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theory for large Q and large momentum processes, where NP effects enter
as corrections.The most popular theoretical approaches to these phenomena
look fragmentary, i.e. magnetic monopoles are used for confinement, instan-
tons for chiral symmetry breaking and pure perturbative expansions for high
energy processes.
The situation has improved with the introduction of the QCD sum rules
[1], where NP contributions are encoded in the form of local condensates. In
this talk I shall describe a general method which allows to consider all NP
effects on one ground – with the help of nonlocal Field Correlators (FC) [2].
It will be argued that the simplest of these correlators – the quadratic one
– is dominant and is responsible for confinement, chiral symmetry breaking,
and the structure of meson and baryon spectra.
When supplemented with the Background Perturbation Theory (BPT)
the method allows to treat valence gluons in the confining background [3].
This yields the spectrum of hybrids and glueballs in good agreement with
lattice simulations, and the new perturbation series for high energy processes,
without IR renormalons and Landau ghost poles. As the new and unexpected
element, it will be argued that hybrids play a more fundamental role in DIS
and high-energy scattering – as the building blocks of the colliding hadron
wave functions.
The talk is organized as follows. In section 2 FC are introduced and
confinement is related to their properties. In section 3 the Hamiltonian for
valence components is written down and properties of meson spectrum are
discussed. In section 4 this Hamiltonian is extended to the systems with
valence gluons and spectrum of hybrids and glueballs is discussed. In sec-
tion 5 the Fock towers are introduced for hadrons and the general matrix
Hamiltonians is written down. In section 6 the role of higher (hybrid) Fock
components in DIS is discussed and the gluon contribution to structure func-
tions and proton spin is emphasized. The last section concludes the general
picture of the QCD dynamics with the discussion of the selfconsistent calcu-
lation of the FC.
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2 The QCD vacuum structure. Stochastic
vs coherent.
The basic quantity which defines the vacuum structure in QCD is the field
correlator (FC)
D(n)(x1, ...xn) ≡ 〈Fµ1ν1(x1)Φ(x1, x2)Fµ2ν2(x2)Φ(x2, x3)...Fµnνn(xn)Φ(xn, x1)〉,
(1)
Φ(x, y) = P exp ig
∫ x
y
Aµ(z)dzµ.
The set of FC (1) for n = 2, 3, ... gives a detailed characteristic of vacuum
structure, including field condensates (for coinciding x1 = x2 = ...xn). On
general grounds one can distinguish two opposite situations: 1) stochastic
vacuum 2) coherent vacuum. In the first case FC form a hierarchy with the
dominant lowest term D(2)(x1, x2) = D
(2)(x1 − x2), while higher FC are fast
decreasing with n. We shall call this situation the Gaussian Stochastic Ap-
proximation (GSA). In the second case all FC are comparable, and expansion
of physical amplitudes as the series of FC is impractical. This is the case for
the gas/liquid of classical solutions, e.g. of instantons, magnetic monopoles
etc. The physical picture behind the situation of nonconverging FC series
is that of the coherent lump(s), when all points in the lump are strongly
correlated.
To understand where belongs the QCD vacuum one can start with the
Wilson loop in the representation D of the color group SU(3),
WD(C) = 〈trD exp(ig
∫
C
dzµA
a
µT
(D)
a )〉 (2)
The Stokes theorem and the cluster expansion identity allow to obtain
the basic equation, which is used in most applications of the FCM (for more
details see [2])
W (C) = exp
∑
n
(ig)n
n!
∫
D˜(n)(x1, ...xn)dσµ1ν1(x1)...dσµnνn(xn). (3)
Here integration is performed over the minimal surface Smin inside the
contour C defined in (2) and D˜n is the so-called cumulant or the connected
correlator, obtained from the FC Eq.(1) by subtracting all disconnected av-
erages. From (3) one easily obtains that the Wilson loop has the area-
law asymptotics, W (C) ∼ exp(−σSmin), for any finite number of terms
nmax;n ≤ nmax in the exponent (3).
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The string tension is expressed through D˜(n).
σ =
1
2
∫
D(2)(x1 − x2)d2(x1 − x2) + 0(D˜(n), n ≥ 4) = σ2 + σ4 + ... (4)
Eq.(4) has several consequences: 1) confinement appears naturally for
n = 2, i.e. in the GSA 2) the lack of confinement can be due to vanishing of all
FC, or due to the special cancellation between the cumulants, as it happens
for the instanton vacuum [4], 3) for static quarks in the representation D of
the color group SU(3), the string tension σ
(D)
2 is proportional to the quadratic
Casimir factor ( the Casimir scaling)
σ
(D)
2 =
C
(2)
D
C
(fund)
D
σ
(fund)
2 , C
(2)
D =
1
3
(µ2 + µν + ν2 + 3µ+ 3ν). (5)
However for larger n, n ≥ 4 the Casimir scaling is violated:
σ(D)n = a1C
(2)
D + a2(C
(2)
D )
2 + a3C
(3)
D + ... (6)
It is remarkable that perturbative interaction of static quarks V (D)(r) satisfies
the Casimir scaling to the order O(g6) considered so far [5],1 so the total
potential V (D)(r) = V
(D)
pert (r) + σ
(D)r + const is also Casimir scaling, if GSA
works well.
This picture was tested recently on the lattice [6] and confirmed the
Casimir scaling with the accuracy around 1% in the range 0.1 ≤ r ≤ 1.1. fm.
The full theoretical understanding of this fundamental fact is still lacking,
both for the perturbative part and for the string tension. On the pedestrian
level the Casimir scaling and the quadratic (Gaussian) correlator dominance
implies that the vacuum is highly stochastic and any quasiclassical objects,
like instantons, are strongly suppressed in the real QCD vacuum. The vac-
uum consists of small white dipoles of the size Tg made of neighboring field
strength operators. The smallness of Tg might be an explanation for the
Gaussian dominance since higher correlator terms in σ are proportional to
(FT 2g )
n(T 2g )
−1, where F is the estimate of the average nonperturbative vac-
uum field, F ∼ 500 (MeV)2.
Lattice calculations of FC have been done repeatedly during last decades,
using cooling technic [7] and with less accuracy without cooling [8]. (Recently
1The diagrams of the order O(g8) violating the Casimir scaling have been found by
W.Wetzel (to be published)
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another approach based on the so-called gluelump states was exploited on
the lattice [9] and analytically [10], which has a direct connection to FC).
The basic result of [7] is that FC consists of perturbative part O(1/x4) at
small distances and nonperturbative part O(exp(−x/Tg)) at larger distances
with Tg in the range Tg = 0.2 fm (quenched vacuum) and Tg = 0.3 fm ( 2
flavours).
Calculations in [8] and [9, 10], as well as sum rule estimates [11] yield a
smaller value, Tg ≈ 0.13 fm to 0.17 fm. This enables us in what follows to
take the limit Tg → 0 keeping σ = const ≈ 0.18 GeV2, and consider σT 2g as
a small parameter of expansion, σT 2g ≪ 1. For example, the contribution of
higher correlators in (4) is proportional to σ(σT 2g )
n
2
−1, n = 4, 6, 8, ...
3 Hamiltonian for valence components
There are two possible approaches to incorporating nonperturbative field
correlators in the quark-antiquark (or 3q) dynamics. The first has to deal
with the effective nonlocal quark Lagrangian containing field correlators [13].
From this one obtains first-order Dirac-type integro-differential equations for
heavy-light mesons [12, 14], light mesons and baryons [15]. These equations
contain the effect of chiral symmetry breaking [12, 13] which is directly con-
nected to confinement.
The second approach is based on the effective Hamiltonian for any gauge-
invariant quark-gluon system. In the limit Tg → 0 this Hamiltonian is simple
and local, and in most cases when spin interaction can be considered as a
perturbation one obtains results for the spectra in an analytic form, which
is transparent.
For this reason we choose below the second, Hamiltonian approach [16,
17]. We start with the exact Fock-Feynman-Schwinger Representation for
the qq¯ Green’s function (for a review see [18]), taking for simplicity nonzero
flavor case
G
(x,y)
qq¯ =
∫ ∞
0
ds1
∫ ∞
0
ds2(Dz)xy(Dz¯)xye
−K1−K2
〈trΓin(m1 − Dˆ1)Wσ(C)Γout(m2 − Dˆ2)〉A (7)
where Ki =
∫ s1
0 dτi(mi +
1
4
(z˙(i)µ )
2), Γin,out = 1, γ5, ... are meson vertices, and
Wσ(C) is the Wilson loop with spin insertions, taken along the contour C
5
formed by paths (Dz)xy and (Dz¯)xy,
Wσ(C) = PFPA exp(ig
∫
C
Aµdzµ)×
× exp(g
∫ s1
0
σ(1)µν Fµνdτ1 − g
∫ s2
0
σ(2)µν Fµνdτ2). (8)
The last factor in (8) defines the spin interaction of quark and antiquark.
The average 〈Wσ〉A in (7) can be computed exactly through field correlators
〈F (1)...F (n)〉A, and keeping only the lowest one,〈F (1)F (2)〉, which yields
according to lattice calculation [6] accuracy around 1% [5], one obtains
〈Wσ(C)〉A ≃ exp(−1
2
[
∫
Smin
dsµν(1)
∫
Smin
dsλσ(2)+
+
2∑
i,j=1
∫ si
0
σ(i)µνdτi
∫ sj
0
σ
(j)
λσdτj ]〈Fµν(1)Fλσ(2)〉). (9)
The Gaussian correlator 〈Fµν(1)Fλσ(2)〉 ≡ Dµν,λσ(1, 2) can be rewritten
identically in terms of two scalar functions D(x) and D1(x) [2], which have
been computed on the lattice [7] to have the exponential form D(x), D1(x) ∼
exp(−|x|/Tg with the gluon correlation length Tg ≈ 0.2 fm.
As the next step one introduces the einbein variables µi and ν; the first
one to transform the proper times si, τi into the actual (Euclidean) times
ti ≡ z(i)4 . One has [17]
2µi(ti) =
dti
dτi
,
∫ ∞
0
dsi(D
4z(i))xy = const
∫
Dµi(ti)(D
3z(i))xy. (10)
The variable ν enters in the Gaussian representation of the Nambu-Goto
form for Smin and its stationary value ν0 has the physical meaning of the
energy density along the string. In case of several strings, as in the baryon
case or the hybrid case, each piece of string has its own parameter ν(i).
To get rid of the path integration in (7) one can go over to the effective
Hamiltonian using the identity
Gqq¯(x, y) = 〈x| exp(−HT )|y〉 (11)
where T is the evolution parameter corresponding to the hypersurface chosen
for the Hamiltonian: it is the hyperplane z4 = const in the c.m. case [17].
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The final form of the c.m. Hamiltonian (apart from the spin and pertur-
bative terms to be discussed later) for the qq¯ case is [17, 19]
H0 =
2∑
i=1
(
m2i + p
2
i
2µi
+
µi
2
)
+
Lˆ2/r2
2[µ1(1− ζ)2 + µ2ζ2 +
∫ 1
0 dβ(β − ζ)2ν(β)]
+
+
σ2r2
2
∫ 1
0
dβ
ν(β)
+
∫ 1
0
ν(β)
2
dβ. (12)
Here ζ = (µ1 +
∫
0 βνdβ)/(µ1 + µ2 +
∫ 1
0 βνdβ) and µi and ν(β) are to be
found from the stationary point of the Hamiltonian
∂H0
∂µi
|
µi=µ
(0)
i
= 0,
∂H0
∂ν
|ν=ν(0) = 0. (13)
Note that H0 contains as input only m1, m2 and σ, where mi are current
masses defined at the scale of 1 GeV. The further analysis is simplified by the
observation that for L = 0 one finds ν(0) = σr from (13) and µi =
√
m2 + p2,
hence H0 becomes the usual Relativistic Quark Model (RQM) Hamiltonian
H0(L = 0) =
∑
i=1
√
m2i + p
2 + σr. (14)
But H0 is not the whole story, one should take into account 3 additional
terms: spin terms in (9) which produce two types of contributions: self-energy
correction [20]
Hself =
2∑
i=1
∆m2q(i)
2µi
, ∆m2q = −
4σ
π
η(mi), η(0) =
3
4
(1 +
D1(0)
D(0)
) ∼= 1÷ 0.9
(15)
and spin-dependent interaction between quark and antiquarkHspin [21] which
is entirely described by the field correlators D(x), D1(x), including also the
one-gluon exchange part present in D1(x).
Finally one should take into account gluon exchange contributions, which
can be divided into the Coulomb part HCoul = −43 αs(r)r , and Hrad including
space-like gluon exchanges and perturbative self-energy corrections (we shall
systematically omit these corrections since they are small for light quarks
to be discussed below). In addition there are gluon contributions which are
nondiagonal in number of gluons ng and quarks (till now only the sector
ng = 0 was considered) and therefore mixing meson states with hybrids and
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glueballs [22]; we call these terms Hmix and refer the reader to [22] and the
cited there references for more discussion. Assembling all terms together one
has the following total Hamiltonian in the limit of large Nc and small Tg (for
more discussion see [23]):
H = H0 +Hself +Hspin +HCoul +Hrad +Hmix. (16)
We start with H0 = HR+Hstring. The eigenvalues M0 of HR can be given
with 1% accuracy by [24]
M20 ≈ 8σL+ 4πσ(n+
3
4
) (17)
where n is the radial quantum number, n = 0, 1, 2, ... Remarkably M0 ≈
4µ0, and for L = n = 0 one has µ0(0, 0) = 0.35 GeV for σ = 0.18 GeV
2,
and µ0 is fast increasing with growing n and L. This fact partly explains
that spin interactions become unimportant beyond L = 0, 1, 2 since they are
proportional to dτ1dτ2 ∼ 14µ1µ2dt1dt2 (see (9) and [23]). Thus constituent
mass (which is actually ”constituent energy”) µ0 is ”running”. The validity
of µ0 as a socially accepted ”constituent mass” is confirmed by its numerical
value given above, the spin splittings of light and heavy mesons [25] and
by baryon magnetic moments expressed directly through µ0, and being in
agreement with experimental values [26].
4 Hamiltonian and bound states of valence
gluons
We now come to the gluon-containing systems, hybrids and glueballs. Refer-
ring the reader to the original papers [27]-[29] one can recapitulate the main
results for the spectrum. In both cases the total Hamiltonian has the same
form as in (16), however the contribution of corrections differs.
For glueballs it was argued in [29] that H0 (12) has the same form, but
with mi = 0 and σ → σadj = 94σ while Hself = 0 due to gauge invariance.
Thus one can retain in (16) only two main terms: H = H0 + Hspin
while HCoul was argued to be strongly decreased by loop corrections. The
calculation in [29] was done for two-gluon and three-gluon glueball states and
results are in surprisingly good agreement with lattice data for both systems
(no fitting parameters have been used in [29]).
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We now coming to the next topic of this talk: hybrids and their role in
hadron dynamics. We start with the hybrid Hamiltonian and spectrum. This
topic in the framework of FCM was considered in [27, 28] The Hamiltonian
H0 for hybrid looks like [23, 27, 28]
H
(hyb)
0 =
m21
2µ1
+
m22
2µ2
+
µ1 + µ2 + µg
2
+
p2ξ + p
2
η
2µ
+ σ
2∑
i=1
|rg − ri|+Hstr. (18)
Here pξ,pη are Jacobi momenta of the 3-body system, Hself is the same
as for meson, while Hspin and HCoul have different structure [28].
The main feature of the present approach based on the BPTh, is that
valence gluon in the hybrid is situated at some arbitrary point on the string
connecting quark and antiquark, and the gluon creates a kink on the string
so that two pieces of the string move independently (however connected at
the point of gluon). This differs strongly from the flux-tube model where
hybrid is associated with the string excitation as a whole, but has a strong
similarity to the treatment of gluons in the framework of the Lund model
[30].
Results for light and heavy exotic 1−+ hybrids are also given in [23] and
are in agreement with lattice calculations. Typically an additional gluon in
the exotic (L = 1) state ”weights” 1.2÷1.5 GeV for light to heavy quarks,
while nonexotic gluon (L = 0) brings about 1 GeV to the mass of the total
qq¯g system. Let us now consider the hybrid spectrum in more detail. First
of all we use for that 3-body problem the hyperspherical method, which
works with accuracy of few percent [31, 32]. Then the whole spectrum is
classified by the grand angular momentum K = 0, 1, 2, ..., which is actually
an arithmetic sum of all partial pair angular momenta in the system qq¯g.
The lowest K = 0 states can be formed from the s-wave qq¯ pair and s-wave
valence gluon g, which gives the ρ+ g and π+ g systems, and vectors imply
spin-one particle. In this way one obtains the classification
K = 0, (π + g)− 1+−, (ρ+ g)− (2++, 1++, 0++)
K = 1, (π + (∇× g))− 1−−, (ρ+ (∇× g))− (2−+, 1−+, 0−+).
The eigenvalues of the Hamiltonian (18) are easily obtained for the light
quarks using the hypercentral (lowest K) approximation –
M(K = 0) = 1.872 GeV
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M(K = 1) = 2.45 GeV
M(K = 2) = 2.90 GeV
M(K = 3) = 3.27 GeV.
Here the (negative) self-energy part of quarks Hself is already added to
masses. One has also in addition the color Coulomb part HCoul and spin-
dependent part Hspin, which contribute approximately 〈HCoul〉 ∼ −0.2 GeV
and for spin-spin interaction approximately 0.08 GeV


−2
−1
+1

, where num-
bers inside brackets refer to ~1 +~1 = ~0,~1,~2 respectively from top to bottom.
As a result, neglecting rather small contribution from Hrad and Hmix in
(16), and the string correction, taking into account the moment of inertia of
the string [17], yielding around (-100 MeV), one has the approximate mass
estimates for the lowest mass states of K multiplets:
Mlow(K = 0) ∼= 1.42 GeV
Mlow(K = 1) ∼= 1.9 GeV
Mlow(K = 2) ∼= 2.45 GeV.
The mass value Mlow(K = 1) agrees well with the lattice results for the
mass of the 1−+ state [33]. The recent unquenched calculation [34] yields the
value which is somewhat lower.
One should stress that the hybrid states, which start at the mass around
1.4 GeV, have a high multiplicity which grows exponentially with mass, as
well as excited string states in bossonic string theory [35]. This fact has
a very important consequence for high-energy processes, where the hybrid
excitation is argued to be the dominant physical mechanism.
5 Hamiltonian and Fock states
As was mentioned above the QCD Hamiltonian is introduced in correspon-
dence with the chosen hypersurface, which defines internal coordinates {ξk}
lying inside the hypersurface, and the evolution parameter, perpendicular to
it. Two extreme choices are frequently used, 1) the c.m. coordinate system
with the hypersurface x4 = const., which implies that all hadron constituents
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have the same (Euclidean) time coordinates x
(i)
4 = const, i = 1, ...n, 2) the
light-cone coordinate system, where the role of x4 and x
(i)
4 is played by the
x+, x
(i)
+ components, x+ =
x0+x3√
2
.
To describe the structure of the Hamiltonian in general terms we first as-
sume that the bound valence states exist for mesons, glueballs and baryons
consisting of minimal number of constituents. To form the Fock tower of
states starting with the given valence state, one can add gluons and qq¯ pairs
keeping the JPC assignment intact. At this point we make the basic sim-
plifying approximation assuming that the number of colors Nc is tending to
infinity, so that one can do for any physical quantity an expansion in powers
of 1/Nc. Recent lattice data confirm a good convergence of this expansion
for Nc = 3, 4, 6 and all quantities considered [36] (glueball mass, critical
temperature, topological susceptibility etc.).
Then the construction of the Fock tower is greatly simplified since any
additional qq¯ pair enters with the coefficient 1/Nc and any additional white
(e.g. glueball) component brings in the coefficient 1/N2c . In view of this in
the leading order of 1/Nc the Fock tower is formed by only creating additional
gluons in the system, i.e. by the hybrid excitation of the original (valence)
system. Thus all Fock tower consists of the valence component and its hybrid
equivalents and each line of this tower is characterized by the number n of
added gluons. Then, the internal coordinates {ξ}n describe coordinates and
polarizations of n gluons in addition to those of valence constituents.
We turn now to the Hamiltonian H , assuming it to be either the total
QCD Hamiltonian HQCD, or the effective Hamiltonian H
(eff), obtained from
HQCD by integrating out short-range degrees of freedom. We shall denote the
diagonal elements of H , describing the dynamics of the n-th hybrid excita-
tion of s-th valence state (s = m{f f¯}, gg, 3g, b{f1f2f3} for mesons, 2-gluon
and 3-gluon glueballs and baryons respectively with fi denoting flavour of
quarks) as H(s)nn . For nondiagonal elements we confine ourselves to the lowest
order operators H
(s)
n,n+1 and H
(s)
n−1,n describing creation or annihilation of one
additional gluon, viz.
Hq¯qg = g
∫
q¯(¯x, 0)aˆ(x, 0))q(x, 0)d3x (19)
Hg2g =
g
2
fabc
∫
(∂µa
a
ν − ∂νaaµ)abµacνd3x, (20)
and we disregard for simplicity the terms Hg3g.
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As it is clear from (19), (20), the first operator refers to the gluon creation
from the quark line, while the second refers to the creation of 2 gluons from
the gluon line. In what follows we shall be mostly interested in the first
operator, which yields dominant contribution at large energies, and physically
describes addition of one last cross-piece to the ladder of gluon exchanges
between quark lines, while (20) corresponds in the same ladder to the αs
renormalization graphs, and to the graphs with creation of additional gluon
line.
The effective Hamiltonian in the one-hadron sector can be written as
follows
Hˆ = Hˆ(0) + Vˆ (21)
where H(0) is the diagonal matrix of operators,
H(0) = {H(s)00 , H(s)11 , H(s)22 , ...} (22)
while Vˆ is the sum of operators (19) and (20), creating and annihilating
one gluon. In (22) H(s)nn is the Hamiltonian operator for what we call the
”n-hybrid”, i.e. a bound state of the system, consisting of n gluons together
with the particles of the valence component. In this way the n-hybrid for the
valence ρ-meson is the system consisting of qq¯ plus n gluons ”sitting” on the
string connecting q and q¯.
Before applying the stationary perturbation theory in Vˆ to the Hamil-
tonian (21), one should have in mind that there are two types of excita-
tions of the ground state valence Fock component: 1) Each of the operators
H(s)nn , n = 0, 1, ... has infinite amount of excited states, when radial or orbital
motion of any degree of freedom is excited, 2) in addition one can add a gluon,
which means exciting the string and this excitations due to the operator Vˆ
transforms the n− th Fock component ψ(s)n into ψ(s)n+1.
The wave equation for the Fock tower ΨN{P, ξ} has the standard form
HˆΨN = (Hˆ
(0) + Vˆ )ΨN = ENΨN , (23)
or in the integral form
ΨN = Ψ
(0)
N −G(0)VˆΨN (24)
where G(0) is diagonal in Fock components,
G(0)(E) =
1
Hˆ(0) − E , G
(0)
nm(E) = δnm
1
H
(s)
nn − E
, (25)
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and Ψ
(0)
N is the eigenfunction of Hˆ
(0),
Hˆ(0)Ψ
(0)
N = E
(0)
N Ψ
(0)
N (26)
and since Hˆ(0) is diagonal, Ψ
(0)
N has only one Fock component, Ψ
(0)
N = ψn(P, {ξ}n),
n = 0, 1, 2, ..., and the eigenvalues E
(0)
N contain all possible excitation energies
of the n-hybrid, with the number n of gluons in the system fixed,
E
(0)
N = E
(0)
n (P ) =
√
P2 +M2n{k|. (27)
Here {k} denotes the set of quantum numbers of the excited n-hybrid.
From (24) one obtains in the standard way corrections to the eigenvalues
and eigenfunctions.
As a first step one should specify the unperturbed functions Ψ
(0)
N , intro-
ducing the set of quantum numbers {k} defining the excited hybrid state for
each n-hybrid Fock component ψn(P{ξ}); we shall denote therefore:
Ψ
(0)
N = ψn{k}(P, {ξ}n), n = 0, 1, 2, ... (28)
The set of functions ψn{k} with all possible n and {k} is a complete set
to be used in the expansion of the exact wave-function (Fock tower) ΨN :
ΨN =
∑
m{k}
cNm{k}ψm{k}. (29)
Using the orthonormality condition∫
ψ+m{k}ψn{p}dΓ = δmnδ{k}{p} (30)
where dΓ implies integration over all internal coordinates and summing over
all indices, one obtains from (15) an equation for cm{k} and EN ,
cNn{p}(EN −E(0)n{p}) =
∑
m{k}
cNm{k}Vn{p},m{k} (31)
where we have defined
Vn{p},m{k} =
∫
ψ+n{p}Vˆ ψm{k}dΓ. (32)
Consider now the Fock tower built on the valence component ψν{κ}, where
ν can be any integer. For ν{κ} = 0{0} this valence component corresponds
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to the unperturbed hadron with minimal number of valence particles. For
higher values of ν{κ} the Fock component ψν{κ} corresponds to the hybrid
with ν gluons which after taking into account the interaction is ”dressed
up” and acquires all other Fock components, so that the number N in (29)
contains the ”bare number” ν{κ} as its part N = ν{κ}, ... (at least for small
perturbation Vˆ ).
One can impose on ΨN the orthonormality conclusion∫
Ψ+NΨMdΓ =
∑
m{k}
cN∗m{k}c
M
m{k} = δNM . (33)
Expanding now in powers of Vˆ , one has
c
N(ν{κ})
m{k} = δmνδ{k}{κ} + c
N(1)
m{k} + c
N(2)
m{k} + ... (34)
EN(ν{κ}) = E
(0)
ν{κ} + E
(1)
N + E
(2)
N + ... (35)
It is easy to see that E
(1)
N ≡ 0, while for c(1) one obtains from (31) the
standard expression
c
N(1)
n{p} =
Vn{p},ν{κ}
E
(0)
ν{κ} − E(0)n{p}
. (36)
In what follows we shall be interested in the high Fock components, ν+l, {k},
obtained by adding l gluons to the valence component ν{κ}. Using (31) and
(34) one obtains
c
N(ν{κ})
ν+l,{k} =
∑
{k1}...{kl}
Vν+l{k},ν+l−1{k1}
E
(0)
ν{κ} − E(0)ν+l{k}
Vν+l−1{k1},ν+l−2{k2}
E
(0)
ν{κ} − E(0)ν+l−1{k1}
...
Vν+1{kl},ν{κ}
E
(0)
ν{κ} − E(0)ν+1{kl}
+O(V l+2). (37)
Since Vˆ is proportional to g, one obtains in (34) the perturbation series
in powers of αs for c
N and hence for ΨN (29). One should note that αs(Q
2)
is the background coupling constant, having the property of saturation for
positive Q2 [3] and the background perturbation series has no Landau ghost
pole and is defined in all Euclidean region of Q2.
The estimate of the mixing between meson and hybrid was done ear-
lier in the framework of the potential model for the meson in [27]. In [24]
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the mixing between hybrid, meson and glueball states was calculated in the
framework of the present formalism and we shortly summarize the results.
One must estimate the matrix element (32) between meson and hybrid wave
functions taking the operator Vˆ in the form of (19), where the operator of
gluon emission at the point (x, 0) can be approximated as
aµ(x, t) =
∑
k,λ
1√
2µ(k)V
×
× [exp(ik · x− iµt)e(λ)µ cλ(k) + e(λ)µ c+λ (k) exp(−ik · x + iµt)] (38)
Omitting for simplicity all polarization vectors and spin-coupling coeffi-
cients which are of the order of unity, one has the matrix element
VMh =
g√
2µg
∫
ϕM(r)
µψ+h (0, r)d
3r (39)
where ϕM(r),
µψh(r1, r2) are meson and hybrid wave functions respectively,
and in (39) it is taken into account that the gluon is emitted (absorbed) from
the quark position.
Using realistic Gaussian approximation for the wave functions in (39) one
obtains the estimate [24]
VMh ≈ g · 0.08 GeV. (40)
A similar estimate is obtained in [22] for the hybrid-glueball mixing matrix
element, while the meson-glueball mixing is second-order in (40).
Hence the hybrid admixture coefficient (36) for the meson is
CMh =
VMh
E
(0)
M − E(0)h
=
VMh
∆MMh
(41)
and for the ground state low-lying mesons when ∆MMh ∼ 1 GeV it is small,
CMh ∼ 0.1− 0.15, yielding a 1-2% probability. However for higher states in
the regionMM >∼ 1.5 GeV, the mass difference ∆MMh of mesons and hybrids
with the same quantum numbers can be around 200 MeV, and the mixing
becomes extremely important, also for meson-glueball mixing, which can be
written as
CMG =
∑
h
VMhVhG
∆MMh∆MhG
(42)
and VMh ∼ VhG. It is clear that the iterative scheme described above can be
useful only because hybrid excitation by one additional gluon ”costs” around
1 GeV increase in mass, hence the coefficient cNn (36) can be small.
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6 Hybrid states and DIS
As was stressed in the previous section, in the large Nc limit the higher Fock
components which are excited by the external current (or incident hadron)
are the multihybrid (or n-hybrid), states. It is convenient to consider these
states in the light-cone formalism, following the line of derivation and most
notations in [37].
Consider the n-hybrid with quark at the point z(a)µ , antiquark at the point
z(b)µ and gluons at the points z
(k)
µ,k=1,...n. We also define ρ
(i) = z(i)−z(i−1), with
z(0) ≡ z(a) and z(n+1) ≡ z(b).
The action is
A = K + σSmin (43)
where the kinetic operator K and the minimal area Smin can be written as
K =
m2a
2µa
+
m2b
2µb
+
1
2
∫ T
0
dz+[µa((z˙
(a)
1 )
2 + 2z˙
(a)
− ) + µb((z˙
(b)
1 )
2 + 2z˙
(b)
− )
+
n∑
i=1
µi((z˙
(i)
1 )
2 + 2z˙
(i)
− )] (44)
σSmin =
1
2
∫ T
0
dz+
n+1∑
i=1
∫ 1
0
dβi
[
νi
(
(w˙(i))2 − (w˙
(i)w′(i))2
(w′(i))2
)
+
σ2(w′(i))2
νi
]
(45)
and we have defined
w(i)µ = z
(i−1)
µ (1− βi) + βiz(i)µ , w˙(i) = z˙i−1)(1− βi) + βiz˙(i), (46)
w′(i) = z(i) − z(i−1) ≡ ρ(i). (47)
As in [37] we introduce the total momentum P+,
P+ =
n∑
i=1
µi +
n+1∑
i=1
∫ 1
0
νidβ + µa + µb. (48)
At this point one can make a new important step and introduce the parton’s
quota xi of the total momentum P+ to be associated with the Feynman
variables xi, i = 1, ..., n, xa and xb, which can be written as
xi =
µi +
∫ 1
0 νiβdβ +
∫ 1
0 νi+1(1− β)dβ
P+
(49)
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xa ≡ x0 = (µa +
∫ 1
0
ν1(1− β)dβ)/P+ (50)
xb ≡ xn+1 = (µb +
∫ 1
0
νn+1βdβ)/P+. (51)
One can notice that xi consists of three pieces: 1) the (+) -component of
momentum of the valence gluon (µi), 2) the (+) momentum of the preceeding
piece (i) of string weighted with the factor β which takes into account that
the string (i) is deformed by the motion of the gluon (i) while another end of
the string is fixed 3) the (+) momentum of the string (i+ 1) weighted with
the factor (1−β) taking into account motion of the (i 6= 1) string due to the
i-th gluon. Note that the parameter β in all strings (i), i = 1, ...n+ 1 grows
in one direction, e.g. from the left to the right.
In this way the momentum of each piece of the string (i) is shared by
two adjacent gluons: (i − 1) and (i), so that each parton quota xi contains
momentum of the parton (gluon or quark or antiquark) itself and of pieces
of adjacent strings.
These results imply several nontrivial consequences. First of all, one can
see that the einbein factors µi, which played in the c.m. system the role
of constituent mass (energy) of gluon and quarks, and νi played the role of
energy density along the string, in the l.c. system they enter directly the
Feynman parameters of gluons. In this way one can for the first time see
the connection of the standard constituent quark (gluon) picture with the
parton picture and calculate as in (50), (51) parton parameters through the
(Lorentz boosted) constituent energies of quarks and gluons. Secondly in the
l.c. wave-function of the n-hybrid the average values of µi and νi are equal for
large n, µ¯i = ν¯i, i = 1, 2, ...n, while for n = 1 one obtains µ¯g =
√
2µ¯q =
√
2µ¯q¯
[38].
Hence gluons carry more momentum on average than quarks in the n-
hybrid state. Therefore one expects that in DIS at large enough energy
when the n-hybrid component of the hadron wave-function is excited, the
contribution of gluons to the momentum sum rule and to the proton spin
should be dominant. This expectation is consistent with the experimental
data. Thus in the neutrino-isoscalar scattering the momentum sum rules for
the quark part of F2(x,Q
2) yield [39] 0.44± 0.003, which implies that gluons
carry more than 50% of the total momentum.
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For the proton spin one has the relation [40]
1
2
=
1
2
∆Σ(µ) + Lq(µ) + Jg(µ) (52)
where the quark sigma-term experimentally is ∆Σ(µ = 1 GeV) = 0.2± 0.1,
and the most part of the difference between the l.h.s. and the r.h.s. is
presumably due to the gluon spin contribution Jg(µ). The detailed estimates
of hybrid contributions to DIS and high-energy scattering will be published
elsewhere [38].
7 Conclusions
It was explained above that the Field Correlator Method is a powerful tool
for investigation of all nonperturbative effects in QCD. In particular it pro-
vides a natural mechanism of confinement, compatible with all lattice data,
and explains the close connection of confinement and chiral symmetry break-
ing. The spectrum of mesons, glueballs and hybrids is calculated with σ, αs
and current masses as the only fixed parameters used and this spectrum
is in good agreement with lattice data and experiment. The latest de-
velopment concerns the dominant role of hybrids in DIS and high-energy
scattering and here the first qualitative results are consistent with exper-
imental evidence. The author is grateful to the organizers of the Pomer-
anchuk International Conference for their excellent job, and to A.M.Badalian,
K.G.Boreskov, A.B.Kaidalov and O.V.Kancheli for many stimulating discus-
sions.
The partial support of the INTAS grants 00-110 and 00-366 is gratefully
acknowledged.
References
[1] M.A.Shifman, A.I.Vainshtein and V.I.Zakharov, Nucl. Phys. B147
(1979) 385, 448
[2] H.G. Dosch, Phys. Lett. B 190, 177 (1987);
H.G. Dosch and Yu.A. Simonov, Phys. Lett. B 205, 339 (1988);
Yu.A. Simonov, Nucl. Phys. B 307, 512 (1988), fo a review see A.Di
18
Giacomo, H.G. Dosch, V.I. Shevchenko, and Yu.A. Simonov, Phys. Rep.,
in press; hep-ph/0007223.
[3] Yu.A. Simonov, Phys. At. Nucl. 58, 107 (1995);
JETP Lett. 75, 525 (1993); Yu.A. Simonov, in: Lecture Notes in Physics
v. 479, p. 139; ed. H. Latal and W. Schweiger, Springer, 1996.
[4] Yu.A.Simonov, Physics-Uspekhi, 39, 313 (1996)
[5] Yu.A.Simonov, JETP Lett. 71, 127 (2000);
V.I.Shevchenko and Yu.A.Simonov Phys. Rev. Lett. 85, 1811 (2000)
[6] G.S.Bali, Phys. Rev. D62, 114503 (2000); S.Deldar, Phys. Rev. D62,
034509 (2000)
[7] A.Di Giacomo and H.Panagopoulos, Phys. Lett. B285, 133 (1992); A.Di
Giacomo, E.Meggiolaro and H.Panagopoulos, Nucl. Phys. B483,371
(1997);
A.Di Giacomo and E.Meggiolaro, hep-lat/0203012
[8] G.S.Bali, N.Brambilla and A.Vairo, Phys. Lett. B42, 265 (1998)
[9] M.Foster and C.Michael, Phys. Rev. D59, 094509 (1999)
[10] Yu.A.Simonov, Nucl. Phys. B592, 350 (2001)
[11] M.Eidemueller, H.G.Dosch, M.Jamin, Nucl. Phys. Proc. Suppl. 86, 421
(2000)
[12] Yu.A. Simonov, Phys. At. Nucl. 60, 2069 (1997); hep-ph/9704301;
Yu.A. Simonov and J.A. Tjon, Phys. Rev. D62, 014501 (2000); ibid 62,
094511 (2000.)
[13] Yu.A.Simonov, Phys. Rev. D65, 094018 (2002); hep-ph/0201170.
[14] Yu.A. Simonov, Phys. At. Nucl. 63, 94 (2000).
[15] Yu.A. Simonov, Phys. At. Nucl. 62, 1932 (1999); hep-ph/9912383;
Yu.A. Simonov, J.A. Tjon and J.Weda, Phys. Rev. D65, 094013 (2002).
[16] Yu.A. Simonov, Phys. Lett. B 226, 151 (1989), ibid B 228, 413 (1989).
19
[17] A.Yu. Dubin, A.B. Kaidalov, and Yu.A. Simonov, Phys. Lett. B 323,
41 (1994); Phys. Atom. Nucl. 56, 1745 (1993).
[18] Yu.A. Simonov and J.A. Tjon, Ann. Phys. 300, 54 (2002).
[19] E.L. Gubankova and A.Yu. Dubin, Phys. Lett. B 334, 180 (1994).
[20] Yu.A. Simonov, Phys. Lett. B 515, 137 (2001).
[21] Yu.A. Simonov, Nucl. Phys. B 324, 67 (1989);
A.M. Badalian and Yu.A. Simonov, Phys. At. Nucl. 59, 2164 (1996).
[22] Yu.A. Simonov, Phys. At. Nucl. 64, 1876 (2001).
[23] Yu.A. Simonov, QCD and Theory of Hadrons, in: ”QCD: Perturbative
or Nonperturbative” eds. L. Ferreira., P. Nogueira, J.I. Silva-Marcos,
World Scientific, 2001, hep-ph/9911237.
[24] T.J. Allen, G. Goebel, M.G. Olsson, and S. Veseli, Phys. Rev. D 64,
094011 (2001).
[25] A.M. Badalian, B.L.G. Bakker and V.L. Morgunov, Phys. At. 63, 1635
(2000);
A.M. Badalian and B.L.G. Bakker, Phys. Rev. D64, 114010 (2001).
[26] B.O. Kerbikov and Yu.A. Simonov, Phys. Rev. D62, 093016 (2000).
[27] Yu.A. Simonov in: Proceeding of the Workshop on Physics and Detec-
tors for DAΦNE, Frascati, 1991;
Yu.A. Simonov, Nucl. Phys. B (Proc. Suppl.) 23 B, 283 (1991);
Yu.A. Simonov in: Hadron-93 ed. T. Bressani, A. Felicielo, G. Preparata,
P.G. Ratcliffe, Nuovo Cim. 107 A, 2629 (1994);
Yu.S. Kalashnikova, Yu.B. Yufryakov, Phys. Lett. B 359, 175 (1995);
Yu. Yufryakov, hep-ph/9510358.
[28] Yu.S. Kalashnikova and D.S. Kuzmenko, hep-ph/0203128
[29] Yu.A. Simonov, Phys. Lett. B 249, 514 (1990);
A.B. Kaidalov and Yu.A. Simonov, Phys. Lett. B 477, 163 (2000); Phys.
At. Nucl. 63, 1428 (2000).
20
[30] B.Anderson, G.Gustafson and C.Peterson, Z.Phys. C1, 105 (1979);
B.Anderson, G.Gustafson and B.So¨derberg, Z.Phys. C20, 317 (1983)
[31] Yu.A.Simonov, Yad. Fiz. 3, 630 (1966);
A.M.Badalian and Yu.A.Simonov, Yad. Fiz. 3, 1032 (1966);
F.Calogero and Yu.A.Simonov, Phys. Rev. 183, 869 (1968);
A.M.Badalian et.al. Nuovo Cim. A68, 577 (1970;
M.Fabre de la Ripelle, Ann. Phys. (NY) 123, 185 (1979)
[32] Yu.A.Simonov, hep-ph/0212253
[33] P.Lacock, C.Michael, P.Boyle and P.Rowland, Phys. Lett. B401, 308
(1997);
C.Bernard et al., Phys. Rev. D56, 7039 (1997);
[34] C.Bernard et al., hep-lat/0301024
[35] M.Green, J.Schwarz, E.Witten, Superstring theory, v.1, Cambridge
Univ. Press, Cambridge, 1987
[36] M.Teper, hep-ph/0203203
[37] A.Yu.Dubin, A.B.Kaidalov, Yu.A.Simonov, Phys. Atom. Nucl. 58, 300
(1965), hep-ph/9408212;
V.L.Morgunov, V.I.Shevchenko, Yu.A.Simonov, hep-ph/9704282
[38] Yu.A.Simonov (in preparation)
[39] P.Berge et al., Z.Phys. C49, 187 (1991); G.G.Groot et al., Z.Phys. C1,
143 (1979); see also discussion in F.J.Yndurain, The theory Quark and
Gluon Interactions, 3d Edition, Springer, Berlin-Heidelberg, 1999
[40] B.W.Filippone and Xiangdong Ji, Adv. Nucl. Phys. 26 (2001) 1,
hep-ph/0101224
21
